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From August 1986 to September 1987, the plankton of Lyell Reservoir near 
Lithgow, N.S.W. was studied with special reference to species composition, seasonal 
changes, interaction between phytoplankton and zooplankton, and the effect of 
artificial aeration. 

Forty-five taxa of phytoplankton were identified with species of Cyclotella, 
Stephanodiscus, Melosira, Volvox and Microcystis dominant. Among the zooplankton 10 
rotifers, 5 copepods and 12 cladocerans were recorded, dominated by Ceriodaphnia sp., 
Daphnia lumholtzt, Boeckella triarticulata and Calamoecia lucasi. Two morphs of D. carinata 
coexisted. 

The microcrustacean zooplankton fed mainly on Chroococcus, Oocystis, Melosira and 
unicellular centric diatoms: diatoms wcre well digested, but gelatinous algae remained 
intact. Microcystis was ingested by B. trearticulata. 

Artificial aeration did not prevent a bloom of Microcystis, and a concomitant 
change in the abundance of cladocerans was not necessarily causally related. 
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INTRODUCTION 


Lyell Reservoir, on the Cox’s River at its junction with Farmer’s Creek and approxi- 
mately 10 km southwest of Lithgow, was first filled in 1982. The reservoir provides water 
storage for pumping 16 km upstream to Wallerawang Reservoir in dry periods, and also 
for the proposed Mount Piper Power Station. 

Lyell Reservoir became anaerobic at times within 5 m of the water surface, leading 
to disagreeable HS odours, high algal levels (Microcystis regularly exceeded 50 cells 

ml"), and water of highly variable quality entering the cooling water treatment plant 

(McAuliffe and Rosich, 1989). An aeration system was installed in 1986 so that the 
reservoir could be artificially mixed, and dissolved oxygen levels at the bottom of the 
reservoir maintained at or above 1 mg 1! (Hodgson, 1987a, 1987b; 1988, pers. comm. ). 

Physicochemical conditions and phytoplankton of Lyell Reservoir, monitored by 
the Electricity Commission of New South Wales (ELCOM), were reviewed and 
summarized by Bek and Martin (1990) to assess the suitability of water quality for 
recreational use. This paper presents the seasonal patterns of dominant phytoplankton 
and microcrustacean zooplankton, the effect of aeration on them, and the dictary 
phytoplankton for the microcrustacean zooplankton between April 1986 and September 
1987. During the study, a major flood occurred in August 1986 (total rainfall 374 mm) 
(Kobayashi, 1992), so the effect of the flood on plankton is noted. The results of 
this study are discussed in comparison with the adjacent Wallerawang Reservoir 
(Kobayashi, 1992). 


STUDY AREA 


The morphology of Lyell Reservoir is summarized in ‘Table 1. It is relatively large 
and deep, with a dendritic shoreline. The major sources of water for Lyell Reservoir 
are Cox’s River, Farmer’s Creek (containing Lithgow’s sewage), and erratic rainfall. 
Evaporation and reservoir spill dominate the outflow. In dry periods, Lyell water is 
recirculated to Wallerawang Reservoir via a pipeline. 
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TABLE 1 
Morphology of Lyell Reservoir 


Location 150°05’E., 33°30’S. 
Elevation (above sea level) 780 m 
Maximum length (1) 4.3 km 
Maximum width (b) 1.3 km 

Area (A) 194.5 x 104 m? 
Volume (V) 26.07 x 10° m3 
Maximum depth (Zax) 32 m 

Mean depth (z) 13.4 m 

Shore line (L) 22.2 km 
Shoreline development 

(Dr) 4.5 

Mean turnover rate 2.4 year! 


In 1986 plastic diffuser pipes with an aeration capacity of 120 Is! were installed at 
25 m depth near the dam wall (Hodgson, 1987a; 1988, pers. comm.). During this study, 
the aeration was conducted from 12 November to 30 December 1986, and 5 January 
through to February 1987. 

Reservoir fish include flatheaded gudgeon (Philypnodon grandiceps), gold fish 
(Carassius auratus), rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta) 
(Harris, 1988, pers. comm.). 


(from Wallerawang reservoir) 
Cox's River 


Farmer’s Creek 


150°05 E. 
+ 3330'S, 


LU 
0 


Cox's River | 


Fig. 1. Sampling stations in Lyell Reservoir. | 
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METHODS 


A detailed account of methods is given in Kobayashi (1992). Quantitative 
phytoplankton and zooplankton samples were collected monthly with a 2-L Van Dorn 
water sampler and by a vertical haul (250 wm mesh net) at stations A to G (Fig. 1) 
between August 1986 and September 1987, and between April 1986 and September 
1987, respectively. Phytoplankton were identified and counted using a Prior inverted 
microscope. A Wild MSA stereomicroscope was used to identify and count zooplank- 
ton. The densities of phytoplankton and zooplankton were expressed as cells ml! or 
colonies ]1, and individuals |", respectively. Analysis of the gut contents of zooplankton 
followed Gliwicz (1969) and Infante (1978b). Proportional occurrences of dietary 
phytoplankton in the zooplankton guts were calculated by the method of Nadin-Hurley 
and Duncan (1976). 

In addition to plankton samples, sediment-core samples were collected at stations 
D to G on 26 July and stations A to C on 2 August 1987 (winter) to examine whether 
viable Microcystis colonies existed in Lyell sediments. The upper 2 cm-sediment samples 
(n=8 at each sampling station) were collected using a modified Satake’s handy 
corer (Satake, 1983), equipped with a 16 mm-inner-diameter sampling tube. The 
physiological condition of Microcystis was assessed by chlorophyll epifluorescence 
(Reynolds et al., 1981). The density of Microcystis in sediments was expressed as colonies 


cm`. 


RESULTS 


Phytoplankton 

A total of 45 phytoplankton taxa was identified (Table 2). The dominant genera 
were Microcystis (Cyanophyta), Volvox (Chlorophyta), Cyclotella, Stephanodiscus, and Melo- 
sira (Bacillariophyta). Unidentified flagellates were also a major component of the 
plankton. 

Volvox occurred throughout the study except between August and November 
1986 (Fig. 2). Volvox exhibited two growth peaks: December 1986 (490 colonies 1!) and 
August 1987 (90 colonies 11). Microcystis displayed a single growth peak in summer 1987, 
with a maximum of 12200 colonies 1! in February. Melosira occurred throughout the 
study except between August and October 1986. Melosira displayed two growth peaks: 
one (mainly M. granulata) with a maximum of 6700 cells ml! in March 1987 and a 
second (mainly M. italica) with 880 cells ml! in August 1987. Cyclotella and Stephanodiscus 
also occurred throughout the study, except during the August 1986 flood. A maximum 
of 110 cells ml! was recorded in August 1987. Unidentified flagellates (probably three 
species, cell width 3-25 ym) were perennial. It was the only abundant phytoplankton 
group occurring immediately after the August 1986 flood. A maximum of 3390 cells ml! 
and a minimum of 3 cells ml! was recorded in August 1986 and in May 1987, 
respectively. > 


Microcystis in Sediments 

Microcystis colonies were collected from sediments at all sampling stations (Fig. 3), 
with a significant difference in the density among sampling stations (Kruskal-Wallis 1- 
way ANOVA: H =36.8, p < 0.001). A nonparametric multiple comparison test provided 
the following overall conclusion at the 5% significance level: yB = pC # pD £ pA = pE 
= pF = nG. Namely, the density of the benthic Microcystis was highest at station G, and 
decreased towards the dam wall and spillway. Eighty percent of the colonies (n= 219) 
contained healthy bright yellow-green cells (4-6 ym diameter), with intense chlorophyll 
fluorescence. 
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TABLE 2 
Phytoplankton in Lyell Reservoir between August 1986 and September 1987 


Cyanophyta Bacillariophyta 
Chroococcus spp. Melosira granulata ( Ehrenb.) Ralfs 
Dactylococcopsis spp. M. granulata var. angustissima Muller 
Microcystis aeruginosa Kutz. M. italica (Ehrenb.) Kutz. 

M. sp. M. varians Agardh 
Oscillatoria sp. Cyclotella spp. 
Anabaena sp. Stephanodiscus spp. 
Tabellaria sp. 

Chlorophyta Fragilaria sp. 
Volvox spp. Asterionella spp. 
Botryococcus sp. Synedra pulchella Kutz. 
Pediastrum spp. S. sp. 
Oocystis spp. Navicula sp. 
Closteriopsis longissima Lemmermann Pinnularta sp. 
Shroederia ?setigera (Shroeder) Lemmermann Gyrosigma sp. 
Selenastrum ?minutam (Naeg.) Collins Gomphonema constrictum Ehrenberg 
Scenedesmus spp. Cymbella spp. 
Mougeotia spp. Nitzschia sp. 
Closterium sp. Surirella spp. 
Cosmarium spp. 
Quadrigula spp. Pyrrhophyta 


Pertdinium sp. 
Ceratium hirundinella O. F. Muller 


Actinastrum sp. 
Staurastrum spp. 


Unidentified flagellates 
Unidentified algae 


Euglenophyta 
Tiachelomonas sp. 


Chrysophyta 
Dinobryon divergens Imhof 
D. cylindricum Imhof 


Miucrocrustacean Zooplankton 

Twelve cladoceran and 3 calanoid copepod species were identified (Table 3). The 
rotifers and cyclopoid copepods collected during the study are also listed in Table 3, 
though species numbers are thought to be underestimates due to the large mesh used in 
the net samples. The dominant cladocerans were Ceriodaphnia sp., Daphnia lumholizi and 
Daphnia carinata. The dominant calanoid copepods were Calamoecia lucasi and Boeckella 
triarticulata. 

Ceriodaphnia was perennial, increasing towards spring, with a maximum of 28.4 |! 
in September 1987 (Fig. 4). Daphnia lumholizi occurred mainly in January to May 1987 
and also in July 1986 but was rare or absent at other times. An autumn maximum of 
13.5 1! was recorded in April 1987. Daphnia carinata was scarce, and was a spring-early 
summer form. A maximum of 4.4 |! was recorded in December 1986. 

Calamoecia lucasi and Boeckella iriarticulata were both perennial. Their density 
remained low throughout the study, with a maximum of 7.517 and 2.911, respectively. 


Morphs of Daphnia carinata 

Two morphs of D. carinata coexisted (Fig. 5). For females, morph I was character- 
ized by a relatively short rostrum, oval body, and short tail spine, often less than half of 
the carapace — morph II possessed a long rostrum and tail spine, with a relatively 
slender body. The postabdomen of morph I had a slight indentation, while in morph II 
it was straight. Both morphs lacked helmets. Seasonally, morph II became relatively 
abundant towards February 1987. It was difficult to visually separate juveniles of the two 
morphs. 
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Fig. 2. Density of phytoplankton in Lyell Reservoir: (a) Microcystis (MIC), Volvox (VOL), and unidentified 
flagellates (UF); (b) diatoms Cyclotella and Stephanodiscus (CYC), and Melosira (MEL). Mean + SE is shown: 
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Fig. 3. Density of colonial Microcystis in upper 2-cm sediments in Lyell Reservoir. Samples were collected on 26 
July (stations D to G) and on 2 August 1987 (stations A to C). Mean + SE is shown: n=8 at each sampling 
station. 


TABLE 3 
Zooplankton in Lyell Reservoir between April 1986 and September 1987 


Rotifers Leydigia leydigi (Shoedler) 
Lacinularia sp. Macrothrix spinosa King 
Brachionus novaezealandia (Morris) Neothrix armata Gurney 
Lecane bulla Gosse Bosmina meridionalis Sars 

L. sp. Daphnia carinata s.l. King 
Asplanchna priodonta Gosse D. lumholtzi Sars 

A. sieboldi (Leydig) Simocephalus vetulus elisabethae (King) 
Keratella cochlearis (Gosse) Ceriodaphnia sp. 

K. procurva (Thorpe) 

K. tropica (Apstein) Calanoid copepods 

K. valga (Ehrenberg) Boeckella triarticulata Thomson 

B. minuta Sars 

Cladocerans Calamoecia lucasi Brady 
Diaphanosoma unguiculatum Gurney 
Pleuroxus cf. inermis Sars Cyclopoid copepods 
Chydorus sphaericus s.l. (Muller) Mesocyclops sp. 

Alona diaphana King Tropocyclops sp. 


Lengths of the rostrum, tail-spine, and ventral antenna branch (Fig. 5) of morphs I 
and II (ovigerous female) on 1 February 1987 were plotted against the carapace length 
on that date (Fig. 6). Clutch sizes were not plotted due to an inestimable loss of eggs. 
Simple linear regression models (Table 4) and analysis of covariance (Table 5) showed 
that two morphs could be separated by the development of those three morphological 
characteristics. 


Plankton During Aeration 

The phytoplankton was dominated by the green alga Volvox and the blue-green alga 
Microcystis. No obvious change was observed in the dominant calanoid copepods. How- 
ever, the dominant cladoceran species shifted from Certodaphnia and Daphnia carinata to 
D. lumholtzi and Bosmina meridionalis towards February 1987 (the end of aeration). 
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Fig. 4. Density of microcrustacean zooplankton in Lyell Reservoir: (a) cladocerans Bosmina meridionalis (BM), 
Ceriodaphnia sp. (CS), Daphnia lumholtzi (DL), and Daphnia carinata (DC); (b) calanoid copepods Calamoecia 
lucasi (CL), and Boeckella triarticulata (BT). Mean + SE is shown: n=7. 


Mucrocrustacean Zooplankton Gut Contents 

A total of 140 Bosmina meridionalis, 310 Ceriodaphnia, 120 Daphnia lumholtz, 90 D. 
carinata, 340 Calamoecia lucasi, and 340 Boeckella triarticulata guts were examined. Their 
total diet comprised 11, 18, 13, 10, 17 and 34 phytoplankton taxa, respectively (‘Table 6). 
Of these, 20 taxa were detected from more than one zooplankton species, while 14 taxa 
were detected only in the guts of B. triarticulata. The following six reservoir phyto- 
plankton taxa were never detected in the zooplankton guts examined throughout the 
study: Anabaena, Volvox, Closteriopsis, Closterium, Actinastrum and flagellates. 

Chroococcus, Oocystis, Melosira, Cyclotella and Stephanodiscus were the main dietary 
phytoplankton taxa for the Lyell zooplankton. Oocystis and Chroococcus were often intact 
in the zooplankton guts, while most of the ingested Cyclotella, Stephanodiscus and Melosira 
were digested. 
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Fig. 5. Two morphs of Daphnia carinata s.l. (ovigerous female) in Lyell Reservoir on 1 February 1987: (a) 
Morph I; (b) Morph IT. Morphological characteristics measured are: carapace (CL); rostrum (RL); tail spine 
(TL); ventral antenna branch (VB). 


The proportional occurrences of Cyclotella/Stephanodiscus, and Melosira in the 
Ceriodaphnia gut were significantly positively correlated with their density in the plank- 
ton (Spearman’s rank correlation coefficient r, =0.70 and 0.74, n=11, p < 0.05, respec- 
tively). The frequent ingestion of Trachelomonas was characteristic of Daphnia lumholtzi 
and, to a lesser extent, of D. carinata. Large phytoplankton cells such as Pediastrum, 
Staurastrum, and Ceratium were fragmented in the guts of Boeckella triarticulata. The blue- 
green alga Microcystis was detected only from B. trarticulata on 13 April 1987. On this 
date, 15% of the B. triarticulata guts contained small colonial Microcystis (50-300 cells 
colony") which were all intact. 
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TABLE 4 


Summary of simple linear regression modets for three morphologicat characteristics (mm) of two morphs of 
Daphnia carinata s.l. (ovigerous female) in Lyell Reservoir on 1 February 1987, using carapace (mm) 
as an independent variable. For each regression, n=60 


Dependent Variable Intercept (SE) Slope (SE) r2 tfor Ho: P 
Slope = 0 

Morph I 
Rostrum 0.084 (0.051) 0.214 (0.029) 0.60 7.36 <0.0001 
Tail spine 0.188 (0.199) 0.233 (0.114) 0.06 2.05 0.0429 
Ventral antenna branch 0.094 (0.050) 0.251 (0.028) 0.59 9.02 <0.0001 

Morph II 
Rostrum -0.076 (0.045) 0.442 (0.024) 0.81 18.57 <0.0001 
Tail spine -0.163 (0.175) 0.947 (0.093) 0.66 10.17 <0.0001 
Ventral antenna branch 0.040 (0.044) 0.413 (0.023) 0.84 17.76 <0.0001 


DISCUSSION 


Phytoplankton 

Seasonal succession of dominant Lyell phytoplankton is characteristic of that in 
deep, eutrophic lakes (Reynolds, 1980): Wolvox (early summer to autumn 1986), Micro- 
cystis (summer 1987), Melosira (late summer) and again Wolvox, Cyclotella, Stephanodiscus 
and Melosira (winter). The unidentified flagellates were also abundant from winter to 
spring 1986 and in winter 1987. 

Volvox, common in N.S.W. (Playfair, 1913; Timms, 1970b; Thomasson, 1973), was 
the first genus (except flagellates) to increase greatly after the August 1986 flood. Two 
species of Volvox co-occurred. There was no evidence of parasites in Volvox as reported 
from South Australia (Ganfet al., 1983). 

The summer bloom of Microcystis (mainly M. aeruginosa) is consistent with other 
regions (May, 1970; Reynolds, 1980). Microcystis is a eutrophic genus (Hutchinson, 
1967), and produces an endotoxin (Falconer et al., 1981) which often causes fish and 
stock kills (May, 1972). No fish kills were observed in Lyell Reservoir during the 1986/87 
summer bloom. 

Overwintering of Microcystis colonies in lake and reservoir sediments has also been 
observed by Fallon and Brock (1980), Reynolds et al. (1981) and Takamura et al. (1984). 
The benthic form of Microcystis which settles after planktonic blooms, remains photo- 
synthetically active for long periods, and may form a new growth cycle in the following 
season (Fallon and Brock, 1980). The wide distribution of viable benthic Microcystis 
colonies in Lyell sediments allows for the future reappearance in the plankton. 

The seasonal behaviour of Melosira in Lyell Reservoir is consistent with Lund (1965) 
and Reynolds (1973); the first peak followed the autumn destratification period and the 
second during winter unstratified conditions, because Melosira is a heavy diatom, which 
needs mixing to remain in the plankton (Goldman and Horne, 1983). 


Maicrocrustacean Zooplankton 

The dominant cladocerans and calanoid copepods in Lyell Reservoir are common 
in south-eastern Australia (Mitchell, 1986; Timms, 1970a, 1970b). Since zooplankton 
community composition stabilizes one or two years after impoundment (Timms, 1987), 
Lyell Reservoir should have stable annual plankton composition. 

The mid-summer (1987) decline of the large Daphnia carinata indicates a cool-water 
preference (Herbert, 1977; Mitchell and Wiliams, 1982), but it was followed by the 
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Fig. 6. Morphological characteristics of two morphs of Daphnia carinata s.l. (ovigerous female) in Lyell 
Reservoir on 1 February 1987. Morph I (solid symbols): morph II (open symbols). 
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TABLE 6 


Dietary phytoplankton components in the guts of microcrustacean zooplankton in Lyell Reservoir between April 1986 and 

September 1987: Bosmina meridionalis (BM), Ceriodaphnia sp. (CS), Daphnia lumholtzi (DL), Daphnia 

carinata (DC), Calamoecia lucasi (CL), and Boeckella triarticulata (BT). Occurrence symbols are p-present, and 

x-absent. The values in brackets are the relative abundances ( % ) (Nadin-Hurley and Duncan, 1976) of the guts containing the 
food item, values less than 20% are not shown 


Taxonomic Grouping BM cs DL DC CL BT 
Cyanophyta 
Chroococcus p(21) p p(28) p(23) p p(47) 
Dactylococcopsis p p x p p p 
Microcystis x x x x x p 
Oscillatoria x x x x x p 
Chlorophyta 
Botryococcus x X x p x p 
Cosmarium p p p X p p 
Eudorina x x x x x p 
Mougeotia - x x x x p 
Oocystis p(48) p(36) p(68) p(23) p(50) p(56) 
Pediastrum x x x x x p 
Quadrigula p p p x p p(22) 
Scenedesmus x p p p p p 
Schroederta x x x x x p 
Selenastrum p p p x p p 
Staurastrum x p p x x p 
Euglenophyta 
Trachelomonas P p p(37) p(22) p p 
Chrysophyta 
Dinobryon x X x x X p 
Bacillariophyta 
Asterionella x p x X x p 
Cyclotella/Stephanodiscus p(44) p(47) p(35) p p(34) p(62) 
Cymbella x P p p p p 
Eunotia x p x x p p 
Fragilaria x x x x x p 
Frustulia x p x x p p 
Gomphonema x x X x x p 
Gyrosigma x x x x x p 
Melosira P p(28) p(28) p P p(59) 
Navicula p p p x p p 
Nitzschia x x x x p p 
Surtrella x x x x X p 
Synedra x x X X x p 
Tabellaria x x x x x p 
Pyrrhophyta 
Ceratium x x x x x p 
Peridinium x p x x p p 
Unidentified algae P p p(36) p p(30) p(34) 


increasing medium-sized Daphnia lumholtzi and the small-sized Bosmina meridionalis, and 
the blue-green alga Microcystis. 

A shift from larger to smaller cladoceran species during summer has been observed 
in other Australian and overseas water bodies and is often attributed to the reduction or 
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elimination of large species by size-selective fish predation (Brooks and Dodson, 1965; 
Geddes, 1986). Furthermore, where a bloom of blue-green algae occurs, large-bodied 
cladocerans (e.g. Daphnia) may be excluded through mechanical interference with the 
filtering mechanism as well as toxins of the blue-green algae (Porter and McDonough, 
1984; Lampert, 1987). It is not clear yet whether the observed shift in the summer 
cladoceran species in Lyell Reservoir was due to size-selective predation or inhibitory 
effects of the blue-green alga Microcystis, although both factors could act concurrently. 

Unlike cladocerans, the species composition of the dominant calanoid copepods of 
Calamoecia lucasi and Boeckella triarticulata remained unchanged before and after the 
Microcystis bloom. The coexistence of these two different-sized calanoids has already 
been reported in other N.S.W. reservoirs (Timms, 1970a). 


Daphnia carinata Morphs 

The general characteristics of morphs I and II of Daphnia carinata in Lyell Reservoir 
resemble D. thomsoni Sars (Hebert, 1977, Figs. 85, 86), and D. carinata in Lake Alexan- 
drina (Geddes, 1984, Fig. 2(d) ), respectively. Daphnia thomsoni is quite distinct from D. 
carinata, because in Australia the two species cohabit without interbreeding (Hebert, 
1977), though in recent years this species has been regarded as conspecific with D. 
carinata (Hebert, 1977). Furthermore, Benzies (1988a, 1988b) recognized only three 
groups within the D. carinata complex, based on multivariate morphometric studies and 
electrophoretic data. These were D. nivalis, D. cephalata and a conglomerate of all other 
taxa described from the complex, D. carinata sensu lato. 

With this finding of two distinct morphs of D. carinata cohabiting Lyell Reservoir, 
perhaps further study on the systematics of the D. carinata complex is warranted. 


Aeration Effects 

The 1986/87 summer aeration in Lyell Reservoir did not prevent algal blooms. The 
large Volvox and Microcystis colonies, both of which are said to require thermal stability to 
form a surface scum (Reynolds, 1980), proliferated during aeration, which failed to 
destratify the reservoir. 

The effectiveness of artificial destratification in controlling biological and chemical 
aspects of Australian water storages is reviewed by McAuliffe and Rosich (1989). In the 
successful cases, algal blooms were reduced in frequency (Carcoar Dam), or dominance 
shifted to green algae (Hinze Dam). However, most destratification applications of algal 
control have failed. 

In Happy Valley Reservoir, South Australia, where destratification was used to 
control zooplankton numbers by reducing water temperature, the anticipated decline 
did not eventuate (Burch, 1987). It is unlikely that the decline of Daphnia carinata 
reflected low temperatures through destratification in Lyell, as destratification did not 
occur; D. carinata is known as a cool- to cold-water form (Hebert, 1977). The 1986/87 
summer aeration appears to have had little effect on the structure of the plankton 
community in Lyell Reservoir. 


Mucrocrustacean Zooplankton Gut Contents 

The cladocerans and calanoid copepods ingested a variety of phytoplankton. 
Boeckella triarticulata consumed more taxa than the other zooplankton species, displaying 
an advantage in resource competition over other zooplankton. Large-bodied Daphnia 
carinata ingested one-third of the components of the Boeckella triarticulata diet, perhaps, 
due to its limited season in the reservoir. Perennial Ceriodaphnia ingested 18 taxa, as did 
Calamoecia lucasi (17 taxa). 
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Some of the dominant dietary phytoplankton consisted of the dominant reservoir 
phytoplankton. However, Volvox which abounded in the plankton was absent in the 
zooplankton guts; it was too big (Kobayashi, 1991). Neither were the abundant, small 
flagellates ever detected in the zooplankton gut contents. Perhaps they were ingested but 
were rapidly digested. On the other hand, Chroococcus and Oocystis were of low density in 
the plankton throughout the study, but were frequently found in the zooplankton guts. 

The well digested unicellular centric diatoms such as Cyclotella, Stephanodiscus and 
chain-forming Melosira, and the intact gelatinous algae such as Chroococcus and Oocystis in 
the zooplankton guts are consistent with the observations by Nadin-Hurley and Duncan 
(1976), and Infante (1978a). Gelatinous sheaths appear to prevent digestion (Porter, 
1975). 

ee was a weak link between the blue-green alga Microcystis and zooplankton in 
Lyell; Boeckella triarticulata consumed small Microcystis colonies. 

Control of blue-green algae is a prime water quality criterion (Hodgson, 1987a). 
The possibility of using zooplankton to control blue-green algae (particularly Micro- 
cystis) was studied by De Bernardi et al. (1981), Jarvis (1986), and many other workers 
who highlighted problems: blue-green algae are nutritionally poor (Arnold, 1971; 
Hanazono and Yasuno, 1987); may be toxic (Lampert, 1981); and form large gelatinous 
colonies which prevent both ingestion and digestion (Porter, 1975). In natural 
conditions, grazers do not fully control blue-green algae, and are either excluded 
(Daphnia carinata and Ceriodaphnia sp. in Lyell) or coexist with them (Daphnia lumholtzz, 
Calamoecia lucasi, and Boeckella trarticulata in Lyell). 


Comparison between Lyell and Wallerawang Reservoirs 

The dominant summer phytoplankton were Chroococcus and Melosira in Wallera- 
wang (Kobayashi, 1992). Wolvox and Microcystis dominated in Lyell. This reflects their 
different trophic status: Wallerawang is mesotrophic and Lyell is eutrophic. On an 
abundance basis, however, all Lyell phytoplankton (except Microcystis) lie within the 
mesotrophic definition (Landner, 1976). 

The dominant zooplankton differs between reservoirs by the presence of Daphnia 
lumholtzt and the absence of Bosmina meridionalis and Boeckella minuta in Lyell; Ceriodaphnia 
and Boeckella trrarticulata are early-summer forms in Wallerawang, but are perennial in 
Lyell. 

The large August 1986 flood caused high turbidity, increased nutrients, and 
temporarily reduced plankton density, except of flagellates, in both reservoirs. However, 
there were some different responses to the flood: B. triarticulata did not decline markedly 
in Lyell, and the recovery of phytoplankton in Lyell was much later than in 
Wallerawang. 

To date, there is insufficient information available on fish predation on zooplank- 
ton in both reservoirs (Kobayashi, 1992). Because Lyell and Wallerawang Reservoirs 
support planktivorous fish such as brown trout and rainbow trout, substantial amounts 
of zooplankton, especially large forms such as Daphnia carinata and Boeckella triarticulata, 
may have been removed by fish predation (Brooks and Dodson, 1965; Geddes, 1986; 
Evans, 1990). This may be important if the ability of large-bodied zooplankton to limit 
phytoplankton abundance is restricted by fish predation (Gophen, 1990). The effect of 
fish predation on the reservoir zooplankton populations needs study. 

Analysis of zooplankton gut contents revealed similar main diets and their digesti- 
bility among dominant microcrustacean zooplankton between the reservoirs. Zooplank- 
ton variety of diet increases with increasing body size of the species. The large, 
perennial Boeckella trarticulata has the most varied diet (including Microcystis) in Lyell. 
Boeckella triarticulata ingests filamentous blue-green algae such as Anabaena and Nostoc in 
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New Zealand lakes (Burns and Xu, 1990), displaying its adaptability to blue-green 
algae. 

In conclusion, Lyell and Wallerawang Reservoirs are geographically proximate and 
hydrologically interactive, but support distinctive plankton communities. As Lyell 
Reservoir shows some eutrophic conditions (Bek and Martin, 1990), the monitoring 
of physicochemical conditions and plankton communities needs to be continued, 
especially when the industrial and recreational use of the reservoir are considered. 
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